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ABSTRACT \_”3/5{ (0

This is a final report describing the development and use of
a computer program for the determination of the load carrying capacity,
flow requirements, and righting moments of hydrostatic bearings using
an incompressible fluid, including the effects of variable film thickness,
relative velocity, and method of lubricant supply. The basic equations,
numerical approximations, method of solution, numerical treatment and
Fortran Program are presented along with instructions on the use of the
program and a sample problem. This work is an extension of that reported
in Final Report No. F-B2015 dated January 11, 1963, prepared for
California Institute of Technology, Jet Propulsion Laboratory.
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INTRODUCTION

The increasing demands for bearings to support heavy loads
have caused the development of hydrostatic lubrication to proceed at an
accelerated pace. This was accompanied by a need for more sophisticated
analysis of bearing characteristics. For some years hydrostatic bearings
have been analyzed by techniques that fell short of a rigorous analysis.
This was because of the impossibility of producing by hand an exact
analytical solution and, therefore, the necessity for resorting to

*
techniques yielding approximate results, e.g., the electric analog.l

One of the major shortcomings of the conducting-sheet electric-
analog is its inability to treat problems involving non-uniform film
thicknesses and relative velocity of bearing members. These problems
can often be adequately treated b% numerical integration techniques, the
utiligation of which is only hampered by the extremely lengthy and
tedious calculations they require. However, the recent development of
high speed digital computers has ¢liminated this drawback, and numerical

integration techniques are at present quite feasible.

In the case at hand, hydrostatic bearings are to be designed
for the support of a large radio telescope antenna. A number of rec-
tangular pads will transfer the load of the moving superstructure through
the pressurized film of oil to a stationary member on the concrete base.
While at first glance the analysis of the bearing (flat slider) appears
to offer no problem; in reality, the unit loads are high enough to give
rise to non-negligible distortions of the bearing members thus requiring
the treatment of variable film thicknesses. While, the particular
application involves relatively;slow velocity of bearing members, there
will be a significant contribution of hydrodynamic effects particularly
for favorable film clearance distributions. A previous work2 describes
in detail the development of a computer program which did not include
the effect of relative velocity of bearing members.

"Superscript numerals refer to references at the end of this report.

-1 -
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This report is a complete development of the computer program
for the evaluation of pressure distributions, loads, moments, and flows
in a hydrostatically-lubricated, rectangular bearing-pad with four or
six symmetrically placed rectangular recesses and includesthe effect of
velocity. The lubricant is to be incompressible, the clearance uniform

or non-uniform, and the fluid supply one of the three specified types:

1. Separate pumps feeding each recess

Separate pumps feeding opposite pairs of
recesses with capillary compensation.

3. Common manifold feeding all recesses

with capillary compensation.

This report contains details of the hydrodynamic equations
used to analyze the problem, of the numerical technique used for solution,
and of the Fortran Program executing the solution complete with block
diagrams and flow charts. A guide chart is furnished complete with all
the information necessary for using the program and compiling the ap-
propriate input data cards. A sample problem complete with output is

also furnished.
BASIC EQUATIONS AND NUMERICAL APPROXIMATIONS

Utilizing the usual lubrication approximations for a continuous
film bearing operating with an incompressible lubricant, Reynolds Equation

governs the pressure distribution in the clearance space. For bearings

with relative motion, Reynolds Equation assumes the following form3
8 (13 %Y\ 42 (133 - (Bh
ax(h ax) +55 (= ay) ) 1]

For a bearing of rectangular geometry the length of one of the
sides can be used as a characteristic length (say L). Then the following
dimensionless quantities can be defined in an x-y rectangular coordinate

system:
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where c¢ is a characteristic film thickness (any value), Prer is a
reference pressure (any value), P, is the ambient pressure (any value),

and h and p refer to film thickness and pressure respectively at

location (x,y).

Reynolds equation now assumes the dimensionless form

/.2 2
3%p aP) i(aHaP aHaP) A 3
(ax2 32| E SX dX ' dY oY 3 X
where A = > bulL
¢ (pref - pa)

Three types of bearing feed will be used:

(a) Specified flow to each recess as given by a positive
displacement pump feeding the recess.

(b) Specified total flow to pairs of diametrically
opposite recesses as fed by a single constant
displacement pump through capillary compensation.

~~
[¢]
s

Single manifold having a specified supply pressure
feeding all recesses through capillary compensation.
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METHOD OF SOLUTION

The solution of equation [2] can be split into two parts;
a) a particular solution of the non~homogenous
equation.

b) the solution of the homogeneous equation.

Part (a) is accomplished by solving equation [2] numerically
with the conditions that P = O on the boundaries and all recess areas.
This solution shall be called Ph(X,Y). Due to the linearity in P of
equation [2], part (b) can be accomplished by the method of superposition.
Namely, component solutions, Pj(X,Y), are obtained correspzﬁding to a
value of the dimensionless pressure, P, equal to 1 in the J  recess and
O in all other recesses and at the free boundary. Then the pressure
distribution, P(X,Y), corresponding to any operating condition is ex-

pressible as the linear combination,
P(X,Y) = gaij (X,Y) + Pp(X,Y) (3]

where aj is a dimensionless number representing pressure in the jth

recess. Defining;

flow out of ith recess corresponding to jth component solution.

th

QiA flow out of i

recess corresponding to PA(X,Y) solution.
The dimensionless flow q; out of the ith recess when the pressure
distribution P(X,Y) exists is,

43 = 'JZ QjQij + QiA (4]
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Integration of the pressure distribution and evaluation of the
moments of the pressure distribution with respect to two non-parallel
axes (say X and Y) produces the total load (W) and the location of the

center of pressure (8, m) in the following manner (see Nomenclature):
»

wj= Pj(X,Y)"\dXdY J,...,N,A
P].(X,Y)X dXdy
Ej = 5 =1,...,N,A
J
P].(X,Y)Y dXdy
ns =)~ =L, ... ,N,A

J
For the total solution:

W= Ta Wt
J
4 S W L St

§=2*w t =

<.

23 M3 W5, T Y
w 2

n = X
J
The attractive feature of the method of superposition is that

a given set of component solutions can be utilized with any number of
feeding methods as long as the bearing geometry is not altered. The
computer program is equipped to take advantage of this feature. Specifi-
cation of the values of the pertinent parameters in the feeding equations
leads to the determination of the appropriate values of the coefficients

Olj.

(5]

(6]

(7]

(8]

(9]

[10]

In correspondence to the three feeding methods under consideration

the determining equations are:



THE FRANKLIN INSTITUTE . Laboratories for Research«and Development

F-B2099

A. Specified Flow to Each Recess:

It is necessary to solve the system

N
= + 1 = P
J=L
where
q; = specified quantities (dimensionless)

Qij’QiA = known quantities from component solutions (dimensionless)

Equations (11) form a non-homogeneous system of N algebraic equations in

N unknowns (where N is the number of recesses) which can be solved by

conventional methods.
B. OSpecified Flow to Pairs of Recesses With Capillary Compensation.

The following equations hold:

e =g +q,
ae(?) - 9 g,
) = g + q6} only for N = 6
G = fl(p(l)“al)
Q@ = fz(p(lx*yz)
a4 = f3(p(2)—0§)
6 = 0,6P)

[11]

[12]
[13]
(14]
[15]
[16]
[17]

[18]
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as = 150 a) [19]
only for N = 6
Qg = fé(p(B)-aé) [20]
N
q = 321;03 Oy +Qp (A =1,.....0) (2]

The system of 2.5N equations [12] through [21] has 2.5N
unkowns q, , aj=i(i =1...N), p(K) (XK =1...N/2) and can be solved by
conventional methods. The quantities QQQ(K) (K = 1...N/2) are specified

and the fi's are known characteristics of the N capillaries.

C. Common Reservoir With Specified Pressure and Capillary Feed to

FEach Recess.

The following equations hold

]

q. = fi(p(f)-ai) i=1,.....N [22]

1

v .
) an 1,.....N [23]

!

o]
]

i3 T 1

This system of 2N equations in the 2N unknowns Qs and «

(1 =1,...N), can be easily solved by conventional methods.
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NUMERICAL TREATMENT

Equation [2] is approximated by numerical methods with the
adoption of "three point, central difference" formulae. Thus the bearing
area is divided in K by M rectangular elements, in the x and y directions
respectively. The pressure distribution is represented by these values

at the nodal points of the resulting grid.

The coordinates of the nodal points are

X = ({1-1)x,
Y = -1y,

where i and j designate the location of a particular nodal point in the
X and Y directions respectively. (Note that this use of i and j differs

from the use of i and J as recess designations.)

For the pressures

dP - i+1,] i-1,1
5
aXX.kY 2 AX
m
| 3P B VI Ml N
aYXkY 2 aY
m
s S U O Rl PO B A
ax” NG

C24]

(251

[26]'

(27]

(28]

[29]
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2 2 s 30
S AY
X
m
Equation [2] becomes
+
Piva, 37 Poa, 5 B g+ L a-1 (.l_ + L [31]
AX? e Ly \ax®  av?
. 3 (Pi+1.j‘Pi,-1,j M T Bl N I A :
i 20X 3 207 Y
b1 kaYm Ym
__A oH
3 X

which is solved for P .
k,m

(evaluated) _ _ 1
Peom 2y | Fi+, 3 Pi-1, 7P+, 5~ Fi-1, 3
A
+ 00X ) +olp +P, . + p. -
12 (Hxl,,] 0‘{1,J+1 1, 3-1 %, 541 Pi,j-l)HYi,j
Py}
_ ey
= Ay
where
3 AX
HX. . =1.5 =
x|. . H
+sd 1,3 i3
OH Y
HY 1.5 ¥
o 1,3 By
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Starting with an assumed pressure distribution (P = 1 in the
jth recess and P = 0 at the boundaries and in all other recesses for the

jth component solution or P = O at the boundaries and in all recesses

k,m
grid point is evaluated in terms of the pressure at its four immediately

for the N + 1 component solution), a value of the pressure, P, at a
3

neighboring grid points.
Assuming

1
P _ YP(evaluated)

(o1d)
k,m k,m Q- Pk,m [32]

to be a new pressure distribution, the process is repeated until negligible
changes are obtained from any one iteration. Y is called a "relaxation
factor" and its magnitude sets the rate of growth of the pressure dis-~
tribution. Limiting the value of Y is the well known phenomena of

numerical instability.

For excessive values of Y, the rate of growth can be seen to
increase steadily in time thereby indicating lack of convergence of the
iteration. The occurrence of this phenomenon is internally detected
and i1s automatically eliminated by successive reduction of the value of
Y by the factor 0.8. An initial value of ¥ = 1.5 was used and was
revealed to be overly-optimistic. Hence, an initial value of 1.1 was
adopted for this program in order to avoid waste of computer time in

unstable interations.

- 10 =
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COMPUTER PROGRAM

The computer program is functionally separated into the

following four sub-programs.
(1) Subroutine FORMH

Generation of the bearing geometry gridwork and the
clearance distribution either by evaluation of
appropriate analytic function or by direct input.

(2) Subroutine TILTH

Tilting by any specifiable amount of the clearance
distribution already existing in core storage.

(3) Subroutine REYN

Generation of the component solutions Ps; (X,Y) and the
corresponding component solution values of the loads Ws;,
center of pressure coordinates §j, and ﬂj, and flows

Qi’j'
(4) Subroutine FLOW

Matching of the component solutions with the proper
feeding equations and evaluation of the corresponding
pressure distribution P (X,Y), load W, center of
pressure coordinates § and M, and flows out of each
recess, qj, for any specified feeding conditions.

The program is such that for any given clearance distribution
and velocity, the loading and moment results for any of the other feeding
methods can be evaluated by repeated, direct entry into Subroutine Flow.
It is also possible to make available to the computer the essential
results of component solutions Wj, §., M., Q.

J7 37 1,
new feeding conditions can be studied in combination with component

3 by direct input, so that

solutions obtained during a previous group of runs.

-11 =
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The internal generation of the clearance distribution is

executed by a function of the following type.

Define X - Xo =3 where XO = A

22
Y - YO =t Yo = A23
then 5 5 3
= + + + + + + A
Hl(X,Y) Al A2S ABt Ahs A5t Aést 7s

3 2 2 \/ 2 2
+ A + + +
gt T AGSTH F A st A N[ A, T A s T A

)

+ Al cos (Alés> + A cos (A ) + A cos (Alés) cos (AlSt)
- A2O A e—AZlX cos (Ale) + e (l & [%21(1 - Xi]

2A21[cos (%A 21):'} [33]

The inclusion of the part of the preceeding expression

containing the coefficients A_. and A21 was motivated by the results of

20
analyses of the deformation of a beam on elastic foundations under a

uniformly distributed load over a finite regionh.

The constants A_ . and A, are defined as,

20 21
A = load per unit length
20 2ke

1

A=A =1L

A=K/ E I

where

- 12 -
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It should be noticed that these terms detract from any clearance
distribution given by the remainder of the formula an amount equal to the
difference between the deflection at the center and the deflection at any
point. It is also the task of FORMH to compile an internal tabulation
of the derivatives of the clearance distribution necessary for the

solution.

Subroutine TILTH acts by the use of the following formula:
H(X,Y) = H (X,Y) + T (X-x1) + Ty(Y—Yl) (341

where: Hl(X,Y) represents the distribution of clearance which
is to be modified (tilted).

This corresponds to saying that the line,
- + - =
T (X X1) T, (r-1m)=0

is the hinge and that the bearing is tilted in space by an amount,

(35]

This feature is particularly useful in the evaluation of restoring

moments corresponding to misalignments. The use of TILTH is optiocnal.

In the use of subroutine REYN, it is important to adopt an
appropriate value of the truncation constant (TRUNC). Indeed, a large
value of TRUNC will accept component soluticns that are only a rough
approximation to the asymptotic solution, whereas, exceedingly small

values of TRUNC will result in wastefully long computation time.

- 13 =
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Originally, TRUNC was evaluated within the computer program as
the change in the summation of pressure values at all of the active sill
points from one iteration to the next divided by the number of active
sill points. This was found to be unrealistic in that for e given value
of TRUNC the degree of convergence varied considerably depending upon
total grid size ( X + 1 by M + 1) and relative recess sizes (with respect
to bearing size). After further study it was found that a more realistic
truncation criteria is the change in the summation of pressure values at
all of the active sill points from one iteration to the next multiplied
by the total number of grid points and divided by the product of Y and

the summation of the pressure values at all of the active sill points.

Figure 1 shows the number of iterations required (as a func-
tion of TRUNC) to satisfy various assigned values of TRUNC for a
typical large-size grid. Figure 2 shows the convergence of the dimensionless
recess pressures and dimensionless recess loads. It can be seen that
a truncation constant (TRUNC) of approximately 0.3 yields results that
agree with the probable asymptotic value within less than one percent
and require approximately 230 iterations. This is a reasonable compromise
between accuracy and computer time. Several other gridwork sizes and
configurations investigated have yielded satisfactory results using 0.3

for the truncation constant.

It was mentioned previously that the value of the relaxation
factor v is internally adjusted to cope with numerical instability.
However, if persistent occurrence of this phencmencn forces the adoption
of a value of v lower than 0.16, subroutine REYN abandons the solution,

and a note to this effect is introduced in the output tape.

Use of subroutine REYN requires the specification of the
quantity LITER. Termination of the iteration is forced whenever a number
of iterations equal to LITER have been performed regardless of the

truncation criterion. As presently set up, the program will allow a

- 14 -
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value of LITER up to 1000, If larger values become desirable, the
dimension of PROG in Subroutine REYN should be altered to the maximum
value of LITER.

The operation of Subroutine FLOW is controlled by the specifi-
cation of NCASE which, assuming one of the values 1, 2, or 3, indicates

the adoption of the first, second, or third feeding method respectively.

The quantity IOUT enables the user to obtain the pressure and
clearance profiles on the output tape (IOUT = 1). A value of IOUT =0
specifies that output of those distributions is not desired. If IOUT = 2,
the pressure profile only will appear in the output. If IOUT = 3, the

clearance profile only will appear in the output.

The information in Table I will be useful in handling the

quantities used in the program.

Subroutine FLOW makes use of a FUNCTION subprogram (FUNCTION

DETER) in order to evaluate 4 x 4 or 6 x 6 determinants.,

The utilization of the above mentioned sub-programs in the
solution of specific problems is coordinated by the MAIN program.
Specification of the quantity NSWICH instructs the program to solve one

of six possible problems:

NSWICH = 1; CALL EXIT

NSWICH = 23 Solve non-velocity flow problem only with read-in
values of W,, €., n., Q ..
J J J +5d
NSWICH = 3; Solve new flow problem with component solutions

already existing in core storage.

-17 -
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Table I - PROGRAM QUANTITIES
Equation Fortran Symbol Output_Name
W,
W, = = W(I) w(I)
I 1*p_.-p.)
pref pa
X,
g, ==l CSI(I) cSI(I)
J L
V.
ny = 7 ETA(I) ETA(I)
q.. (12u)
Q 5=~ 3 Q(1,9) Q(1,d)
’ (pref - paL)C
q.; (12w)
q; = 3 QQ(I) QQ(I)
(pref - pa)c
a,.. (l2u)
QQQ(K) 2rl 3 QQQ(K) Pump Flows
(pref - pa)c
dl"
f. = 0.2945 =— FF(I) Capillary Factors F(I)
1 103
b, - P
p(f) = ——§——:—é— FF Common Constant Pressure
pref pa
pi,j )
P, . = PPPP(I,J) Pressure Distribution
1,J pref - pa
(pr)r Py
Q. = ———J-:-—— AL(L) Recess Pressures,
3 Prer — Py AL(3), 5=1-N
W= W W Total Load
L2( -p,)
pref i
Mo
£ = X= CCSI csI
wL
)
= A
n = EETA ET

- 18 -
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NSWICH = 43; Entirely new problem with or without velocity.

NSWICH

5; Tilt clearance distribution existing in core
storage and solve resplting problem.

NSWICH = 6; Solve the previous problem considering velocity.

In the event NSWICH = 2, the quantity NIMJ should be specified
to inform the computer of the number of recesses in the pad under

consideration.

Appendix I contains a block diagram of the entire program, the
detailed flow charts, Fortran instrucution listings, and IBM 7094

compilation records of the six subprograms (MAIN, FLOW, REYN, TILTH,
FORMH, DETER).

Appendix II contains the loading record for use with an IBM
7094. This information is essential if the allowable grid size of
67 x 45 is to be extended.

- 15 -
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USE OF THE PROGRAM AND SAMPIE PROBLEMS

A, Input

In order to use the program, the proper input data for the
problem to be solved must be put on cards in a prescribed manner. The
Input Guide Chart shown in Appendix III indicates the necessary data to
be put on cards, its proper format, and the proper sequence of such cards.
Figure 3 shows the standard form which is used to facilitate the preparation
of punched cards. All of the input data required for solving a single
problem is entered in the proper blocks of Figure 3. The number at the
upper right-hand corner of each block is for the convenience of the typist
to obtain proper word location when right-indexing is used. The following
is a detailed explanation of how to specify the numbers to be entered

in Figure 3 for proper execution of the particular problem to be solved.

1. Card No. 1 (always required)

The following input data are required in MAIN program

a. NSWICH: - Any number 1 through 6 may be entered as
dictated by the following:

1 = Last problem has been solved. Terminate program.

2 = Solve flow problem only using basic solution results
contained on input cards. It should be noted that
the input form, Fig. 3, does not allow for these
required cards. See the Input Guide Chart in
Appendix III for the proper formats and card sequence.

O e

3 = Solve new flow problem with basic solution already
in machine (as obtained from previous problem
solved).

I~
il

New problem to be solved.

- 20 -
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5 = The distribution of clearance already in the machine
will be tilted and new basic solutions and final
results for the new clearance distribution will be
obtained.

6 = The previous zero-velocity problem will be solved
considering velocity.

b. NIMJ: - If NSWICH = 2 is used, then the value of NIMJ is
equal to the total number of recesses. Otherwise NIMJ is
left blank.

c. NIGNAL: - A 1 is entered here if velocity (PLAM) is to be
considered. Otherwise PLAM will not be used by the
program.

2. Card No. 2 (Only required when NSWICH = 4)
The following input data are required in Subroutine FORMH

a. K: - This is the number of cells in the X-direction formed
by the gridwork which simulates the pad. (See Fig. 5).
K must be even. The maximum value of K allowed is 66%.
‘ (See Section B below.)

b. M: - This is the number of cells in the Y-direction
formed by the gridwork. (See Fig. 5). M must also be
even. The maximum value of M allowed is 443%. (See
Section B below.)

c. INDEX 1: - If the clearance distribution is to be read in
from cards then the value 1 is used for INDEX 1. It should
be noted that the standard input form, Fig. 3, does not
allow for these required cards. -Consult the Input Guide
Chart in Appendix III for the proper format and card
sequence, If the clearance distribution is to be generated
within the machine, INDEX 1 is not equal to 1 (normally
left blank).

d. INDEX 2: - If the clearance distribution as read in from
cards or generated internally (per INDEX 1) is to be tilted,
then INDEX 2 = 1. Otherwise, INDEX 2 is not equal to 1.

R
7

€.
The allowable gridwork size (KX + 1) x ( M + 1) may be increased by
changing all of the_subscripted dimension statements from (67,45) to

[(Kﬂ)max, (M+1)m].

- 22 -



THE FRANKLIN INSTITUTE . Laboratories for Researchand Development

F-B2099

Kl: - This is the number of cells in the X-direction
between edges of pad and recesses 1, 2, 3 and 4. (See
Section B below.)

K2: - This is the number of cells representing the length
of recesses 1, 2, 3 and 4 in the X-direction. (See
Section B below.)

K3: ~ This is the number of cells representing the length
of recesses 5 and 6 in the X-direction. If only a total
of four recesses are to be used, K3 = 0. K3 must be an
even number (See Section B below.)

Ml: - This is the number of cells in the Y-direction between
edges of pad and all of the recesses. (See Section B
below. )

M2: - This is the number of cells representing the width
of the recesses in the Y-direction (See Section B below.)

AL: - This is the ratio of the length of the pad in the
Y-direction and the length of the pad in the X-direction
(See Fig. 4). AL =1Y/LX. (See Section B below.)

3. _Card Numbers 3 through 7 (Used only if NSWICH = 4 and INDEX # 1)
The following input data are required in Subroutine FORMH.

a.

A(l) thru A(23): - These are the values of the 23 constants
used to generate the clearance distribution within the
computer. It is important to note that gll five cards must
be used even if the values contained on any of them are all
Zeros.

Card No. 8 (Used only when; NSWICH = 4 and INDEX 2 = 1, or

NSWICH = 5)
The following input data are required in Subroutine TILTH.
a, Xl: - The value to be used is the dimensionless distance

in the X-direction to the line about which it is desired
to rotate the pad. X1 can be any value between O and 1.
If X1 is O then the pad will be rotated about the I =1
gridwork line. If X1 =1, the pad will be rotated about
the I = (K+1) gridwork line. If 1X = 0.5, the pad will be
rotated about the center line I = K/2 + 1, and so forth.

The value of X1 need not necessarily fall on a gridwork
line.
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Yl: - The value to be used is the dimensionless distance
in the Y-direction to the line about which it is desired
to rotate the pad. YL can be any value between O and AL,
If Y1 = O then the pad will be rotated about the J =1
gridwork line. If Y1 = AL, the pad will be rotated about
the J =(M+1) gridwork line, and so forth. The value of Y1
need not necessarily fall on a gridwork line.

TX: - The value of TX required to obtain a specific amount
of tilt about X1 may be obtained using the following

" equation:

X = [H(1, AL/2) - H(0, AL/2)] - [H (1, AL/2) - H, (0, AL/2)]

where H(1, AL/2) = desired value of Hat X =1, Y = AL/2
H(0, AL/2) = desired value of Hat X =0, Y = AL/2
Hl(l, AL/2) = previous value of H at X =1, Y = AL/2
Hl(O, AL/2) = previous value of Hat X =0, Y = AL/2
TY: - The value of TY required to obtain a specific amount

d.

of tilt about Y1 may be obtained by using the following
equation: .

TY = [H(1/2, AL) - H(1/2, 0)] - [Hl(l/2, AL) - H,(1/2, 0)]

where H(1/2, AL) = desired value of H at X = 1/2, Y = AL

H(1/2, 0) = desired value of Hat X =1/2, Y
Hi(l/2, AL)

Hl(1/2,'0)' = previous value of Hat X =1/2, Y =0

0
previous value of H at X =1/2, ¥ = AL

5. Card No. 9 (used only if NSWICH = 4, 5 or 6)

The following input data are required in Subroutine REYN.

a'

LITER: - Maximum number of iterations allowable to obtain
a component solution. When this number of iterations is
reached, the iteration procedure will stop and rest of
problem will be solved using component solutions obtained.

-2, -
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b. TRUNC: - This is the value assigned to the truncation
constant, Usually, a value of TRUNC = 0.30 yields adequate
convergence. However, it is usually good practice to
experimentally evaluate a satisfactory value for a parti-
cular grid work pattern by varying the assigned value of
TRUNC and observing the convergence of the final results.

c. PLAM: - The number assigned to PLAM is A, where
A= 6uUL, -
(pref— pa)c

Since (pref—pa) is an unknown value prior to solution,
PLAM is usually assigned a magnitude of 1.0 although any
number may be used,

Card No. 10 (always used)
The following input data are required in Subroutine FLOW

a. NRUN: - The identifying run number is inserted in this
block.

b. NCASE: - The method of feeding code number is inserted in
this block per the following:

1 = separate constant displacement pumps feeding each
recess.

2 = one constant displacement pump feeding two opposite
recesses, i.e., in Fig. 4, one pump feeds recesses 1
and 2, one pump feeds recesses 3 and 4, and the third
pump (if used) feeds recesses 5 and 6 with capillary
tubes used between pumps and recesses they feed.

3 = common pressure regulated supply manifold feeding each
recess through capillary tubes.

c. IOUT: - The number used here dictates the output desired
with regard to clearance and pressure distributions per
the following code.

0

do not print out clearance and pressure distribution.
1 = print out clearance and pressure distribution.

2 = print out pressure distribution only.
3

= print out clearance distribution only.
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7. Card No. 11 (Used only if NCASE = 1 or 2)
The following input data are required in Subroutine FLOW.

a. QQ(1), ... QQ(N): - If NCASE = 1, the values of gj ...qy
are inserted in thefirst N blocks. N is either 4 recesses
or 6 recesses.- Q3 is the constant flow to each recess.

or
b. QQQ(1),.... QQ(N/2):-If NCASE = 5, the values of
qq ...qN/2 to be used are,

Q1) =q + a,

QQQ(2)

it Y,
QN@(3) = Q5 + qq (if used)

Note: — If NCASE = 3, this card (number 11) is not used.

8. Card No. 12 (Used only if NCASE = 3)
The following input data is required in Subroutine FLOW.

a. PF: - The number to he used here is the dimensionless
manifold pressure, p,f) where

(p. - p,) q;
P@)=Tj_?i7 == +a, (38]
Prer = Pa i J
Since qi and o4 are unknown, a value of p(g) = 1.0 is usually

used although any number may be used.
9. Card No. 13 (Used only if NCASE = 2 or 3)
The following input data is required in Subroutine FLOW.

a. FF(), ... FF(N): - Any number may be assigned for FF(I)
(the capillary constant, fi). N is either 4 or 6 recesses.
Hence ), or 6 values of FF(I) are required.

10. Card No. 14 (Used only if previous cards are last problem to
be solved).

The following input data is required in the MAIN program.

a. NSWICH: - The number 1 is used to indicate that last
problem has been solved. '
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B. Selection and Specification of Gridwork Pattern to be Used

As has been previously indicated it is necessary that a proper
balance be achieved between maximum and minimum number of grid‘points
to be used in order to achieve reasonably accurate results without an
undue amount of computer time. It should also be evident that there may
have to be some compromise between recess size and locating dimensions and
computer program gridwork. That is, some of the recess dimensions desired
to be used may have to be slightly modified in order to fit into a

finite grid point pattern.

Figure 4 shows the required geometry of a 6-recess pad. Note
that if a four recess pad is to be considered, the dimension LxB is
equal to zero. In order to illustrate how a suitable grid work may be
selected and specified,consider the pad of Figure 4 to have the

following dimensions:

X-Direction Y-Direction
IX = 32.0" LY = 30.0"
L= 3.0" Lyl= L.5"
Lx2= 5.0" Ly2= 6.0"
;x3= g.o0" Lyh= 9.0"
LXA= L.0"

The first step is to select the smallest sill dimension in the x-direction
(Lxl or ;xh_for 6-recesses, ;xl or szh for L-recesses) and the y-direction
(Lyl or Lyh)' For the above problem we would select,

= n = "
Lxl 3.0" and Lyl L.5
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Fig. 4 - GEOMETRY OF 6-RECESS PAD
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We can write the following equations;

A,
L L
K2=K1(Ex—g) M2=m(il’-g)
. x1 vl
L L
K3=K1(ﬁ3) M4=Mj.(iy—l*) & ,
' x1 yi
[39]
L
K4=Kl(i&) M =Ml(ii)
x1 vyl
_ LX_
<=t J
x1 ,
Substituting the pad dimensions into equations [39] yields,
K2 = 2(K1) M2 = 20m) )
3 3 -
k3 =2(61) = 200)
(401
iy =20
Kiy = (K1) M o= 300)
= 32
K 3 (K1) »

If we now select & number of integer values forKl we can evaluate all

]

the other values of interest. In order to have at least one grid

point in the sill, K1, and ML (or K4 and M4 if Lxh< L, and Lyh < Lyl)

must be at least 2. The following table summarizes the results

@]

obtained when various integer values of K1 are used in equations [aOJ.
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K1 K2 (E$3en) K4 (Evﬁn)
2 | 371/3= 3] 5°1/3= 6| 2-2/3=3 | 21-1/3 =22
3 5 = 5 8 = 81 4 L| 32 = 32
4 6=2/3 = 7| 10-2/3 =10 | 5-1/3 51 42-2/3 =42
5 8-1/3 = 8| 13-1/3 =14 | 6-2/3 = 7| 53-1/3 = 54
6 | 10 = 10| 16 =16 | 8 8| 64 = 6l
7 | 11-2/3 = 12| 18-2/3 =18 | 9-1/3 = 9 | 74-2/3 =74
8 | 13-1/3 = 13| 21-1/3 =22 |10-2/3 =11 | 85-1/3 = 86
T
ML M2 ven — ven !
2] 225- 3 L _ 13-1/3 =1 |
31 4 = 6 _ 20 =20 |
L1 5-1/3= 5 8 — 26-2/3 = 26
5| 6-2/3= 7 10 — 33-1/3 =34 |
6| 8 =8 12 — w o =1 |
7| 9-1/3=9 1k — 16-2/3 =16 |
8 | 10-2/3 =11 16 — 53-1/3 = 5.
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The following items should be noted in the above table.

1. The fractional values when obtained for K2, K4 are rounded-off
to the nearest odd or even integer.

2. The fractional values when obtained for K3, K, M4 and M are
rounded-off to the nearest even integer.

3. The values obtained for K1 = 7 and K1 = 8 should not be con-
sidered since K > 66. (maximum value currently permissible).

While it is permissible to use any combination of the above listed
values of K1 and ML (except K1 =7 or 8) we can further narrow down the

combination to be selected by considering the following:

1. The maximum value of K1, M1, K4 and M4 should not be greater
than 8 in order to yield 7 or less active sill grid points
between adjacent recesses or between any recess and the outer
periphery of the pad in order to keep computer time within
reasonable limits. On this basis we would, therefore,
eliminate from consideration X1 =7 or 8, ML =5, 6, 7 or 8.

2. While it is permissible to use only one active sill point
(K1 = 2 and M1 = 2) it is not recommended if other permissible
values exist. On this basis we would, therefore, eliminate
from consideration K1 = 2 and M1 = 2.

3. This leaves us with possible combinations of K1 =3, 4, 5 or 6
and ML = 3 or 4. Notice that for K1 =4 and 5 and for ML =4,
that non-integer values were obtained. This means for these
values, the resulting grid work will only approximate the
actual pad and recess dimensional relationship. On this basis,
we therefore eliminate from consideration K1 = 4 and 5 and M1 = 4.

L. This leaves us with two possible combinations, K1 =3, ML =3
or K1 = 6, ML = 3. Of these two we would select the smaller
grid combination (K1 =3, ML = 3) in order to conserve computer
time.

The resulting grid work for K1 =3 and Ml = 3 is shown in Figure 5. The
values of K1 =3, K2 =5, K3 =8, K=32, M1 =3, M2 =4 and M = 20 are
the values that would be entered on input card no. 2 of Fig. 3.
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Output

The output of the program consists of two result pages and a

listing of the pressure and clearance distributions over the grid. The

first output page contains:

Run number

Title containing information on bearing type (hybrid includes
velocity), number of recesses, and feeding method.

Value of Lambda, if used

Grid work data

Clearance distribution coefficients (for non-zero values)
Values of essential results of the component solutions.
Final results

Recess pressures

The second page contains:

1.
2.

3.

Run number

Title containing information on bearing type (hybrid includes
velocity), number of recesses, and feeding method.

A digit array representing configuration of pad with the
following code.

0 = external boundary point
1 = recess point
2 = sill point

_.33_
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D. Relationships Among the Dimensionless Variables

A number of dimensionless quantities are defined and evaluated

by the computer program. These are:

Load Factor = W= i
2
L (pref - pa)
4 (12u)
Flow Factor = qQ = 3
c (pref - pa)
hi .
Film Thickness Factor = 1,3 = _‘él
b
Velocity Factor = A=-— bpuL,
¢ (pref - pa)
(pr i T Pg

Recess Pressure Factor = q@. = ( — )
J pref pa

Supply Pressure Factors

Separate pumps feeding each recess (Case 1)

.. — 0.
%s Y

One pump feeding two recess thru capillary tubes (Case 2)

GO

i f.

+ o,
5 J

Each recess fed through capillary tubes from a common supply
manifold (Case 3)

q.
p(f) =—l‘+a_ = PF

£,
i

- 34 -
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Capillary Factors

Case 1;

Case 23

Case 3;

Moment Factors

Component about X

Component about Y

Depending upon the feeding method used, the values of the above

F-B2099

£, =
1
93
()
95
()
(p ozj)
MXO
$=uL
M
= =L
wL

mentioned dimensionless quantities are either assigned as input or

evaluated within the computer program.

whether the quantities are specified as input, (I), appear as output (0O),

The following table indicates

or are able to be evaluated from the output (E).

_35_
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FEEDING METHOD

Separate Pumps

Separate Pumps Feeding

Common Manifold at

Dimensionless | Feeding Fach Two Recesses Through Fixed Pressure
Factor Recess Capillaries Through Capillaries
W 0 0 0
a; I I 0
H, . I I I
15J
A I I I
o 0 0 0
J
g 0 0 0
n 0 0 0
S () _ . i,
S i} _ L
£ I I
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From the above listed dimensionless factors we can obtain
relations useful for evaluating the dimensional quantities of the variables
of interest. The following relationships may be derived using the

above listed dimensionless factors.

Load=Film Thickness=Flow Coefficient

(h, .)° 1200(m ) '
w—_ul_z L = € 3#1 = (IHQ;) (54]
L Qpg M 1

Load=-Film Thickness=Velocity Coefficient

) |
rwev A _ [55)

2 2
wlny 7 6N, )

Film Thickness=Flow=Velocity Coefficient

UL(h, .) 2(A)(H, )
—edl = _'( :; = (T'I-Q_V) [56]
9rq 93 =

Load~Flow=Velocity Coefficient

5 1/3 ) .
u| =4 - Sl = (D) [57)
O ¥ [12<W)<qi>2]
Load~Film Thickness-Flow=Velocity Coefficient
L L
w(h, )* U 24, W)(H, )*(A)
__zla;L____ - 153 = (LHQiV) (58]

_37_



THE FRANKLIN INSTITUTE - Laboratories for Researchiand Development

F-B2099
Recess Pressure Coefficient
(v, - p,)L° (a.)
T a _ - (5%
- = @ = (R | [59]
Supply Pressure Coefficients
Case 1 feed method;
(p.. - p,)L° (a.)
s a _ _ —_—
- = Tﬁ?‘ (PSJ.W]_) (601
Case 2 feed method;
2
(p.. - p )L (q./f.) + (o))
s, a _ i’ 71 il - s
- ) (stwz) 61]
Case 3 feed method;
(p., - p.)L? (a./2,) + ()
s “a’ - i’ 73 J — (Da A
— 0l (PSjWB) [62]
Pressure Ratio Coefficients
Case I feed method;
(p..: = p.) -
z—zl-:-—éj =1.0 = (B.1) (63]
Psj = Py 3
Case 2 feed method
(p.. - p.) (a.) — ‘
L B = = (B ,2) (641
(psj -p,) (q;/£5) + (0’3) J
Case 3 feed method;
(p,.;: - p,) (o) _
( T - a) _ _T%j— = (B.3) (65]
Psj ™ Pa (%) J
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Pad Righting Moment-Load Coefficients (about pad center)
Component (about X = 0.5)

MX . .

=% = (0.5- &) = (i) (e6)
Component [about ¥ = 0.5 (AL)])

M | _ '

£ = [o.5(aL) - n] = (vW) (67]
Total moment coefficient (about pad center)

% .
%f =|:(1/2 - 8)2 + (AL/2 - n)?“] = (W) [68)

Direction Angle

¢ = tait {(f“zz = g)} = (VANG) [69]

Pad Righting Moment-Film Thickness-Flow Coefficient

Component about X = 0.5

M_(h, )3 12(1/2 - §)(W) (4, ,)° —
;{ 5 ]) _ 2(1/ () : i, - (MXHQi) (70]
L Qg H E

Component about Y = 0,5(AL)

M (h, .)° 12(AL/2 = n) (W) (H, )3
y By gl 1202 - MW G (FTEE) [71]
13 4. b (qi) i
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Total moment
M(h, j)3 1o(W)(H, ,)° 1/2
13 - - (q,?j [(1/2 - §) + (a/2 - n)2]
Qg ¥ 1 '

E. Sample Problems

A flat bearing pad having the dimensions shown in Figure 6
is to be analyzed using the computeruprégram. Each recess is fed from
a separate constant displacement pump for the following conditions of
clearance distribution and velocity. |

Run Number Clearance Distribution Velocity

7701 Uniform clearance all 0
over
7702 Tilted about X = 1/2, 0

(H 4=0.5),(Hey 4 =1.5)

7703 Tilted about X = 1/2 A
(Hi:,j— Ol5)) (HKK,j—l.S)

Copies of the input data sheets for these three runs are shown in

1.0

Appendix IV.

For convenience, let the dimensionless clearance at the center of the

pad be

_ufr2  me
o = H ( 2 2 2 )

For all three runs, HC =1.0

- 40 -
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Fig. 6 - DIMENSIONS OF PAD FOR SAMPLE PROBLEM
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The dimensionless computer input and output data are summarized below.

Run Number
Dimensionless

Factors _7701 7702 7703
W 0.0933 | -:0e2287 | 0.1308
a 1.0 1.0 1.0
H 1.0 1.0 1.0

C

g 0.5000 0.3708 0.3694
n 0.2857 | o0.2857 | o0.2857
al 0.3018, 0.60023 0.64L679
a2 0.30184 0.17013 0.18384
a3 0.30184 0.17013 0.18384
o, 0.3018, | 0.60023 | 0.64,679
A 0 0 1.0

F-B2099

Dimensionless performance coefficients in terms of Hc may be

evaluated using equations [54] through [72], yielding the results

listed below:
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Run Number
Performance
Coefficients 0l 02 0
LHQ, o196 1.4244 1.5696
1AV 0 0 1.275
HQ,V 0 0 2.0
IQ,V 0 0 1.72
LHQ,V 0 0 3.14
PR.W 3.23| 5.07 for L & 4 | 4.95 for 1 & 4
J 1.44 for 2 & 3 | 1.40 for 2 & 3
PS. 3.23| 5.07 for 1 & 4 | 4.95 for 1 & 4
J 1.4 for 2 &3 | 1.40 for 2 & 3
E;I 1.0 1.0 1.0
MXW 0 0.1292 0.1306
MYW 0 0 0
MW 0 0.1292 0.1306
MANG 0 0 0
MXHQ, 0 15.48 15.32
MYHQ. 0 0 0
MHQ, 0 15.48 15.32

- 43 -
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Problem 1: - Determine the recess and supply pressure required for a
load w=1.5x lO6 pounds, and the given pad length of L = 70",

The equations to be used are,

. 2
(p., = p )L -
] a PRW
W J
-2
(p .= p )L
—Sl & _ - PpPSWL
; W J

For the given pad length of L = 70",

6
_ _ 1.5 x10° _ —_—
(b5 = p,) = (PRN) =750 306 (PR, )

Since PR;N = PSle s

8j -;pa) =

(p

rj "~ Pa) = 306(PRJ.W)

Using the computed values of PRjW, The values of recess pressure and

supply pressure (pump diséharge) in psig are,

Run Number

Recess
No, 77011 7702 1 770
1 9881 1550 | 1515
2 988 L4 428
39 988 LA 428
L 988 1550 | 1515

- L -
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Problem 2: - Determine the required flow to each recess for a film
thickness at the center of the pad of hc =10 x lO-'3 in, at a load
w=1.5x lO6 pounds.

To evaluate the flow, we use the performance coefficient

relating load, film thickness and flow.

— w(n)’
IHQ. =
. quriu
w(h )’

q..4 5
(TR

Assuming an SAE 30 oil at an operating temperature of 100°F,
W =15x lO-"6 lb-sec/inz. Since the same flow is supplied to each

recess,

3
1.5 x 10° (10 x 1072)

q.: T Qq — —
T (@)(70)? (15 x 107°)
_ _20.4
Q. = )
(LHQi
Using the computed values of LHQi for the three runs gives,
(in’/sec)

Run No. | THQ; | % ay. (GF)
7701 1.1196 18.23 L.74
7702 14244 14.33 3.73
7703 1.5696 13.00 3.38
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Problem 3: - What will be the film thickness at the center of the pad if
the flow for all recesses in all three cases is 11.53 in3/sec (3 GPM)
for a load of w=1.5x 106 lbs with 4 = 15 x 1o‘6 lb-sec/inz.

Case 0l
w(h )3 -
5 € = (IHQ.) = 1..1196
Lq_.u *
Tl
6.7 173
y = | L.1196 00) (11, 15 x 10 ]
C +6
1.5 x 10
h = 0.0086 in.
]
Case 02
— 1/3 1/3
LHQ. for 7702 211
h = (b for 7701)| —= = 0-0086( i'lf%)
c c THQ; for 7701 -
h, = 0.0093 in.
Case 7703
- 1/3 1/3
LHQ, for 7703
_ _ 1.5696
hc (hc for 7701)| —= 0,0086 (1.11%)

LHQi for 7701

hc = 0,0096 in.

- L6 -
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Problem L: - What velocity of relative motion will yield a film
thickness at the center of 0.010 inch for a 13.0 in3/sec flow and a load
of 1.5 x lO6 pounds for Run No. 7703.

Using the relationship

UL(h )
HQ.V = - = 2,0
+ 9pi
U 2.0(13.0)

(70) (10 x 102)
U = 37.2 in./sec.
Problem 5: - What i1s the pad righting moment for all three cases when
the load is 1.5 x lO6 lbs.
To find the pad righting moment,

M [as—
g (MW)
S M= (M)wL = (W) (1.5 x 106)(70)

For the three runs

£l

Run No. M(in - 1b)

7701 0 0]

7702 .1292 13.6 x lO6

7703 .1306 13.7 x lO6

_}+'7_



=

THE FRANKLIN INSTITUTE . Laboratories for Researchand Development

F-B2099
CIOSURE

In the interim between when the above described computer program
was first successfully compiled and the writing of this report, a large
number of problems have been run. The operating experience compiled has
indicated that the program can readily handle a large variety of hydrostatic
bearing design and analysis problems. To date, the computer program results
have shown good correlation with the results obtained from the electric
analog field plotter techniquel (uniform clearance, zero velocity). It
should be mentioned here that in two similar, previously developed
hydrostatic bearing computer programs (which allowed the solution of
bearing geometries capable of being solved analytically) the correlation
between computer program results and known analytical solutions was extremely

good.

An experimental program currently underway at The Franklin
Institute. (being conducted for the Jet Propulsion Laboratory, Contract
No. 950=735) is directed toward establishing the correlation between
computer program results and those obtainable experimentally (zero

velocity, non-uniform film clearance).

In the course of working with the above described computer
program, a number of possible additions, modifications and refinements
aimed at making the program more efficient and useful have occurred to
Jet Propulsion Laboratory and Franklin Institute persomnel. They are
enumerated below for the record.

1. Input:- The format of the required input information

should be changed in order to make key punching and
checking of the same much more convenient.

2. :Internal Changes:

a. The initial value of gamma should be reduced to 1.0
from 1.1.

- L8 —
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b. Assign a new FORTRAN name to the ratio of pad
y=direction length to x-direction length. Change
from "AL" to "YOX". The name AL is confusing since
AL (I) is also used as a superscripted variable,

c. Evaluate the following quantities for subsequent
appearance as output,

@ KK + 1 MM+ 1
2 2 2

HC =H

ATHOQ(T) = 12(W)(HC)?/[Qa(1)]
ALHCV = (A)/[é(W)(HC)ZJ
HCQV(I) = 2(A)(HC)/[QQ(T)]
PRW(I) = [AL(1)]/(W) |
PSL(T) = [AL(T) /(W)

Psw2(1) = {[QQ(D)I/[FF(1)] + [AL(I)]}/(W)
PSW3(1) = (PF)/(W)

BETA1(I) = [PRW(I)]/[psw1(i)]
BETA2(I) = [PRW(I)]/[PSW2(I)]
BETA3(I) = [PRW(I)]/[PSW3(1)]
AMXW = (0.50 = CCSI)

AYW = [0.50(Y0X) - EETA]l

AW = {(AMXW)Z + (AMYW)Z}E

-1 J{AMYW
AMANG = tan <%TAM—V\T)1>

d. Two recommendations are suggested for reducing the
computer time required to obtain the component
solutions within subroutine REYN. The first is
to initially assign active sill point pressure
values other than the currently used value of zero.
This would, however, require considerable study
before changing. A second possibility is to have

- L9 -
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the program recognize beforehand when identical
component solutions for the individual recesses
will be obtained, For example a symmetrical
distribution of clearance in both the x and
y=directions yields identical component solutions
for recess combinations 1, 2, 3 and 4 and also
for 5 and 6. Tilting of such a symmetrical film
distribution about only X1 produces identical
component solutions for recess combinations 1
and 4, 2 and 3, and 5 and 6. Tilting of a
symmetrical film distribution about only Y1
produces identical solutions for recess combinations
1l and 3, and 2 and 4.

3. Output: -

=

The numerical values of the following quantities
should also be written for inclusion in the

output:

Yox, x1, Y1, TX, TY, LITER, TRUNC, PIAM, HC,
ATHCQ(I), HCQV(I), AIHCV, PRW(I), PSW1(I), PSW2(I),
PSW3(I), BETA1(I), BETA2(I) BETA3(I), AMXW, AMYW,
AMW, and AMANG.

Appropriate titles should also be used for these
quantities (See equations [54] through [69].

Eliminate writing out all "progress indicators".
Write out only the last two or three values of
PROG(ITER). The run number (NRUN) should also
be written out in this portion of the output.

- 50 =
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In the judgement of the persomnel of The Franklin Institute,

‘all of the goals set forth in.our work proposal have been achieved

Project Engineer

9 Approved by: W
We We Shugarzs, Jr., Mgr. N. R. Droulard i

Friction & Lubrication Laboratory Technical Director

Jogeph R. Feldmeier 75K
ies

Director of Laborato

during the course of this program,
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NOMENCLATURE
= ratio of pad y-length/pad x-length
= dimensionless clearance coefficients
= Youngs Modulus (psi)
= dimensionless film thickness = h/c
= the number of grid cells in the x-direction
= length of pad in the x-direction, inches
= the number of grid cells in the y=-direction
moment about x = 4 axis (in-1bs)

= moment about y % axis (in=-lbs)
= total number of recesses
= dimensionless pressure at grid point i,j

= dimensionless flow out of it‘h recess corresponding to jth
component solution

QQQ(k) = dimensionless flow out of k‘t'h pair of opposite recesses

= C‘.%*i x'—i

Ce

P:-gp.ok:NE:

b OH X o & o

= dimensionless tilt components in x-direction

= dimensionless tilt components in y=-direction

= relative velocity of bearing members, in./sec.

= dimensionless load

= dimensionless load of the ,jt’h component solution
= dimensionless x~coordinate = (x/L)

= dimensionless y=-coordinate = (x/L)

= a characteristic film thickness, (in.)

= capillary diameter (in.)

= capillary flow factor for it’h recess

= film thickness, (in.)

= grid index

= grid index

=-modulus of the foundation (1b/in2) as defined in reference AL
= capillary length (in.)

= pressure, (psia)

- 53 -
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NOMENCLATURE (Cont'd)

= ambient pressure, (psia)

= dimensionless supply manifold pressure

= recess pressure, (psia)

= reference pressure, (psia)

= supply manifold pressure, (psia)

= dimensionless flow out of the ith recess

.th

= volume flow out of i recess (in3/sec)

= volume flow out of ith recess corresponding to jth component

solution (in3/sec)

= total volume flow out of one pair of opposite recesses (in?/sec)
=X - Xo

=Y - Yo

= total load, (1bs)

= load carried by jth recess, (lbs)

= cartesian coordinate, (in.)

= distance in x-direction to center of pressure of component

solution (in.)

= cartesian coordinate, (in.)

= distance in y-direction to center of pressure of component

>
=§h* :E

solution (in.)

B T0)

2

" (Ppes = P,)
AL

(]

dimensionless recess pressure

slope of tilted pad in h, x, y space
relaxation factor governing pressure distribution growth

- 54 -
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NOMENCLATURE (Cont'd)
n = dimensionless y coordinate of center of pressure
7. = dimensionless y coordinate of center of pressure for ith component
J solution
_ /‘ k

A= LEL

uw = absolute viscosity coefficient (reyns)

E = dimensionless x coordinate of center of pressure

Ej = dimensionless x coordinate center of pressure for ith

component solution

- 55 -~
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APPENDIX T
PROGRAM BLOCK DIAGRAM

MAIN SUBPROGRAM

Fortran Instruction Listings
IBM 7094 Compilation Records
Flow Chart

FLOW SUBPROGRAM
Fortran Instruction Listings
IBM 7094 Compilation Records

Flow Chart

REYN SUBPROGRAM
Fortran Instruction Listings
IBM 7094 Compilation Records

Flow Chart

FORMH SUBPROGRAM
Fortran Instruction Listings
IBM 7094 Compilation Records

Flow Chart

TILTH SUBPROGRAM
Fortran Instruction Listings
IBM 7094 Compilation Records

Flow Chart
FUNCTION DETER SUBPROGRAM
Fortran Instruction Listings

IBM 7094 Compilation Records
Flow Chart
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